At the present time there is no satisfactory procedure for estimating the degree of gram positivity although the need for a quantitative method is widely recognized. Recently Kennedy and Barbaro (1953) reported an accurate and reproducible method for determining quantitatively the adsorption of crytl violet by bacteria. In addition, the effect of the species and strain of the organism used, the method of killing the cells, and the time in contact with the dye on the quantitative adsorption of crystal violet were studied. The present report describes the application of this quantitative procedure to the gram reaction, the effect of dye concentration on the quantitative adsorption of crystal violet, and the significance of the dye concentration and the counterstain in the gram reaction.
The dye solutions, Gram's iodine (prepared according to Mittwer et al., 1950) , the decolorizing agent [80 per cent ethyl alcohol (Neide, 1904) ], and the phosphate buffer were stored at 5 C and maintained as close as possble to that temperature throughout the procedure.
The preparation of cell supensions and the micro-Kjeldahl procedure used have been described previously (Kennedy and Barbaro, 1953) .
EXPERIMENTAL PROCEDURES1 AND RESULTS
The successful application of quantitative methods to the gram reaction requires control of the critical decolorization step without jeopardizing the quantitative recovery of cells and decolorizer. An additional requirement of lesser importance is the ability to analyze quantitatively each step in the reaction. The use of bacterial filters seemed to be the most ideal method for the fulfillment of these requirements. Theoretically the filter would retain quantitatively the cell suspension to be tested and allow the addition and subsequent removal of each reagent under controlled conditions of time and temperature. The details of numerous experiments using this approach were in the main unsuccessful and are not reported here. Essentially, the results of the gram reaction carried out on bacterial filters indicated that quantitative recovery of the cells was not always possible with the larger filters. On the other hand, "micro-filters" could be The use of small quantities of reagents in the procedure made it desirable to determine the effect of increased concentration of the primary stain on the amount of adsorbed dye. The uptake of crystal violet by known gram positive, gram variable, and gram negative cell suspensions is shown in figure 1 . As the concentration of the dye increased there was greater adsorption of crystal violet. The results show a significantly different dye uptake among the strains studied at all concentrations.
Increasing the concentration of primary stain may also have a marked effect in the quantitative gram reaction. The values in table 2 illustrate the results obtained when quantitative gram reactions were performed on a gram positive and a gram variable strain at a concentration of 0.08 and 0.19 mg crystal violet nitrogen per ml. The relative increase in dye concentration as calculated from dye to cell ratios (mg per ml dye nitrogen per mg bacterial nitrogen) was the same in both strains. The crystal violet nitrogen per mg of bacterial nitrogen remaining after decolorization was dependent directly on the concentration of the primary stain.
DISCUSSION
The crystal violet adsorbed per mg of bacterial nitrogen was different, signiflcantiy, in the gram positive and gram negative strains studied. The amount of crystal violet adsorbed and the amount of crystal violet retained after mordant-ing and decolorization were related directly to the dye concentration. These findings substantiate and extend a previous report (Kennedy and Barbaro, 1953) . The concept that gram positive cells take up more dye than gram negative cells is usually attributed to Steam and Steam (1924, 1928) . The latter authors presented data based on an arbitrary color intensity scale indicating that at the iso-electric point and in the range pH 3 to pH 8, stained, mordanted or buffered, and decolorized gram positive cells retained more dye than gram negative cells. Recently Finkelstein and Bartholomew (1953) The ability of one dye to replace another has been demonstrated repeatedly, and it is because of this replacement phenomenon that many investigators feel that the counterstain is a fundamental and necessary step in the gram differentiation. Steam and Steam (1924) and more recently Fischer and Larose (1952) omitted the use of a counterstain in investigations concemed with the gram reaction. Bartholomew and Mittwer (1950) and Bartholomew et at. (1950) It has been suggested frequently that the difference between gram positive and gram negative organisms is quantitative rather than qualitative in nature (Dubos, 1947) . The present work lends experimental support to this suggestion ( figure 1, table 1 ). It was shown that differences in the uptake of primary dye play a vital role in the quantitative gram stain (table 2) . These findings support the hypothesis that the outcome of the gram procedure is related to the amount of pnmary dye adsorbed. Moreover, they indicate the necesity for stating the conoentration of reagents used in any procedure concerned with the gram reaction.
Bacterial species can be arranged in a continuous series with reference to their behavior in the gram stain (Kaplan and Kaplan, 1933) , and it is possible that quantitative differences in staining properties can be correlated with quantitative physiological differences (Dubos, 1947 The counterstain, eosin Y, had no significant replacement effect on the primary dye in the strains studied.
